Abstract-In this paper, the authors present the modelling of the impedance variation of an inverter DC bus. Modelling is done by application of the PEEC method (Partial Element Equivalent Circuit) with an additional method for computing the local charge density (analytical formulas) in order to give the local capacity. This method has been implemented so as to extract the behaviour of the local charge density, specifically for busbar structure. Results obtained in the case of an approached busbar equivalent geometry are shown. A quantification of the edges importance for the charge repartition is presented, and so its link with the HF local capacitor influence. Moreover simulations of the values of the global DC bus impedance versus frequency are compared to measures.
I. INTRODUCTION Several methods are nowadays proposed to diagnose motor defects by current analysis with Fourier Transform method. In our project we present an analysis of the inverter DC bus in order to develop a new diagnostic method by the electromagnetic field measurement [1] . Actually, the power of the electrical drives flows through the bus-bar, for this reason, characteristics signals of both inverter and load can be extract of this DC bus. I we want to know where is the maximum signal of the emitted electromagnetic field, it is important to give a model of the DC bus frequency current components repartition. The Partial Element Equivalent Circuit (PEEC) approach [2] [3] is currently widespread so as to modelize the inverter bus bar. Unfortunately doesn't take into account the capacitance phenomenon. So as to include this aspect, some methods have been already developed, but less complicated approaches are needed. Following the work done in [4] , this work extends the method to the computation of the local capacitance between the two parts of the DC bus. Actually, the power of the electrical drives flows through the bus-bar, for this reason, characteristics signals of both inverter and load can be extract of this DC bus. Its voltage can also be considered as constant, having regard to its filter electrolytic capacitor. Thus, quasi all signal signatures appears in the dc bus current.
For the range of the dozen of kW inverters, the DC bus geometry is rather complex, as shown in Fig. 1 . The Partial Element Equivalent Circuit -PEEC -model, introduce by A.E. Ruehli [3] in the seventies, is widely used nowadays so as to obtain an electrical equivalent circuit of a set of conductors. This method extracts resistive (R), mutual inductive (Lp) partial electrical elements. In its theoretical development the (Lp, C, R) PEEC method takes into account the capacitive effect; however this effect is neglected in the basic (Lp, R) PEEC model, mostly because it is much more delicate to implement. The fundamental (Lp, C, R) PEEC equation is;
This equation is based on the superposition of all the sources that create an electrical field in a conductor. The three right terms in (1) represent respectively the imposed electrical field E0 (considered zero), the time derivative of the magnetic vector potential A and the gradient of the electric scalar potential . After having discretized the conductors, the unknowns present in (1) are the discrete current density distribution Jk and the discrete charge density distribution k . This last term, which is responsible for taking into account the capacitive effect, can be problematic for complex geometries, or quite complex to implement; thus, it is usually neglected in low frequencies applications modelling of PEEC method. However, (Lp,R) PEEC model yields incor- 2 Hamed Yahoui, e-mail : hamed.yahoui@univ-lyon1.fr, 3 Gerard Rojat, e-mail : gerard.rojat@univ-lyon1.fr, 4 Ricardo Scorretti, e-mail : ricardo.scorretti@univ-lyon1.fr R-L-C model of an Inverter DC bus for diagnosis purpose rect predictions of damping or losses that occur at high frequencies or for obviously capacitive dominant systems. Anyway, variants of solvers for (1) exist so as to focus more specifically on one or other interesting physical phenomena intrinsic to the problem; Thus, the authors propose here to simply couple it with a partial capacitance distribution issue of a MoM (Method of Moments) partial charge calculus. The study of the partial inter-nodes capacitances values regarding its localisation Fig. 2 in the geometry and the degrees of discretization is presented. These measures will also be used for the validation of the modelling methods by spatial geometry discretization.
One traditional way so as to extract the partial charge density of a discretized conductor geometry is to use the Moment Method (MoM). This method allows to solve any inhomogeneous differential equation (2) of the type:
Where L is a linear operator, is a known function f is the unknown function to be determined. 
However, this coefficient raise problem as most of the time its computation is based on numerical methods, indeed for too much complicated geometries and in the case that the length ii r becomes null the numerical integration diverge.
For the case when the knowledge of the exact charge repartition and so the exact capacitance value is not critical, the global capacitance can be estimated with the planar capacitance formula:
Which lead For low frequency uses or low capacitive busbar geometries to :
Much more mathematical information on this widespread method are given in [5] , [6] , and [7] .
The charge distribution is closely knit with the electric field behavior on the edges (Fig. 3 and 4) . Globally, the electric field increases on the external edges of the conductors. III GLOBAL CAPACITY MEASUREMENT To put the stress on the corner effect, we have calculated the global capacity between negative and positive plates. The simplified bus is made with two square plates by 400 mm aside (Fig. 5) . We have applied this method to a DC bus made with two dummy aluminium plates. In a first step the capacity Cd has been calculated by the well known analytical formula (4). The resulting values obtained by the analytical formula are given in the following table 1: The resulting values obtained by the impedance meter (Fig. 6) are given in the following fig. 7 versus the frequency: The comparison between the analytical value and the measured one (at high frequency) can be easier explain by the assumption that the corner field effect is not taking account in the analytical formula (the corner effect increase the apparent capacity). As most the frequency is increasing as most the variation the electric field increases on the external edges of the conductors.
IV APPLICATION TO THE DIAGNOSTIC OF AN ELECTRICAL

DRIVES
In our project we want to use the inverter DC bus in order to develop a new diagnostic method by the analysis electromagnetic field measurement. Actually, the power of the electrical drives flows through the bus-bar, for this reason, characteristics signals of both inverter and load can be extract of this DC bus. I we want to know where is the maximum signal of the emitted electromagnetic field, it is important to give a model of the DC bus frequency current components repartition.
These measures have been made with a constant load torque of 10 N.m. with a superposed variable load at 5 Hz and 9 Hz. the load torque frequency distinctly emerges in Fig. 8 (respectively in Fig. 9 ). The application test [8] has been made on a 5.5 kW induction machine fid by an inverter whose fundamental stator frequency in operation was chosen to be equal to fs = 43 Hz. This particular value allows measurement to be independent of the natural 50 Hz power supply frequency. In the same way, modulations of the low frequency, due to the time varying load, are created around the fundamental stator frequency, as represented in Fig. 10 with 9 Hz. V CONCLUSION A method to map the electrical charge repartition on the surface of a simplified DC bus has been presented. The electric field increases on the external edges of the conductors and becomes maximum on a double edge discontinuity. The variation of global capacity measured versus the frequency has underlined the corner effect on a dummy plates DC bus system. The frequency spectral analysis of this magnetic field measured at a specific place above the inverter DC bus provides significant signal signature. Information not only on the inverter but also on the induction machine and its load are present and exploitable in future diagnostic schemes.
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